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Abstract
Background: Reciprocal interactions between two extra-embryonic tissues, the extra-embryonic ectoderm and the visceral
endoderm, and the pluripotent epiblast, are required for the establishment of anterior-posterior polarity in the mouse. After
implantation, two visceral endoderm cell types can be distinguished, in the embryonic and extra-embryonic regions of the egg
cylinder. In the embryonic region, the specification of the anterior visceral endoderm (AVE) is central to the process of anterior-
posterior patterning. Despite recent advances in our understanding of the molecular interactions underlying the differentiation
of the visceral endoderm, little is known about how cells colonise the three regions of the tissue.
Results: As a first step, we performed morphological observations to understand how the extra-embryonic region of the egg
cylinder forms from the blastocyst. Our analysis suggests a new model for the formation of this region involving cell
rearrangements such as folding of the extra-embryonic ectoderm at the early egg cylinder stage. To trace visceral endoderm
cells, we microinjected mRNAs encoding fluorescent proteins into single surface cells of the inner cell mass of the blastocyst
and analysed the distribution of labelled cells at E5.0, E5.5 and E6.5. We found that at E5.0 the embryonic and extra-embryonic
regions of the visceral endoderm do not correspond to distinct cellular compartments. Clusters of labelled cells may span the
junction between the two regions even after the appearance of histological and molecular differences at E5.5. We show that in
the embryonic region cell dispersion increases after the migration of the AVE. At this time, visceral endoderm cell clusters tend
to become oriented parallel to the junction between the embryonic and extra-embryonic regions. Finally we investigated the
origin of the AVE and demonstrated that this anterior signalling centre arises from more than a single precursor between E3.5
and E5.5.
Conclusion: We propose a new model for the formation of the extra-embryonic region of the egg cylinder involving a folding
of the extra-embryonic ectoderm. Our analyses of the pattern of labelled visceral endoderm cells indicate that distinct cell
behaviour in the embryonic and extra-embryonic regions is most apparent upon AVE migration. We also demonstrate the
polyclonal origin of the AVE. Taken together, these studies lead to further insights into the formation of the extra-embryonic
tissues as they first develop after implantation.
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Background
Survival of the mammalian embryo in utero requires the
early establishment of an extra-embryonic interface to
provide nutrients and signals for the maintenance of
pluripotent embryonic precursors. Extra-embryonic tis-
sues are the first to differentiate during mouse develop-
ment (reviewed in [1]). Recent work has demonstrated
that these tissues also play an essential role in anterior-
posterior (AP) patterning during early post-implantation
development (reviewed in [2]). Understanding the forma-
tion and growth of extra-embryonic tissues is therefore
essential for further studies of the cellular and molecular
mechanisms underlying these functions.
Segregation of embryonic and extra-embryonic lineages is
completed at the time of implantation. In the E4.5 blast-
ocyst, three tissues can be distinguished. The trophecto-
derm, which allows attachment of the conceptus to the
uterine wall, is composed of a mural part surrounding the
blastocoelic cavity, and a polar part in contact with the
epiblast. Pluripotent epiblast cells will form all foetal tis-
sues. Finally the primitive endoderm, lining the blatocoe-
lic surface of the epiblast, will give rise to the visceral
endoderm (VE), and to the parietal endoderm, which
migrates away along the mural trophectoderm. Primitive
endoderm and epiblast both derive from the inner cell
mass (ICM) of the E3.5 blastocyst.
After implantation major morphogenetic changes have
occurred. The conceptus now resembles an elongated cup-
shaped structure called the egg cylinder. This comprises
two regions. At the distal pole, the embryonic region is
formed by the epiblast and the overlying VE. The extra-
embryonic region, at the proximal pole, contains the
extra-embryonic ectoderm, a derivative of the polar troph-
ectoderm, covered by VE. Because of the relative inaccessi-
bility of the mouse conceptus, little is known about the
dynamics of these morphological changes. In the E4.5
blastocyst, the epiblast is already present and covered by
the primitive endoderm thus defining the embryonic
region. In contrast, the formation of the extra-embryonic
region is puzzling since the polar trophectoderm in the
E4.5 blastocyst is a single layer of cells not in contact with
the primitive endoderm. Differential rates of proliferation
between polar and mural trophectodermal cells and uter-
ine mechanical constraints have been proposed to explain
the formation of the extra-embryonic ectoderm and its
engulfment by the VE [3]. However, the detailed cellular
architecture of the polar trophectoderm is poorly
described, and other scenarios for the formation of the
extra-embryonic ectoderm involving changes in cell shape
or cell arrangement cannot be discounted.
Both the embryonic and extra-embryonic regions are cov-
ered by the VE. These two VE regions can be distinguished
by their cellular architecture [4,5] and by differential gene
expression [6-8] at E5.5. Cell labelling experiments have
shown that the VE precursors at both ends of the animal-
vegetal axis of the blastocyst contribute to both embryonic
and extra-embryonic regions of the egg cylinder, although
cells from one of these two ends contribute more cells to
the embryonic region [9]. These studies also revealed that
the pattern of VE cell growth between these regions is dif-
ferent: while extra-embryonic VE clones were more coher-
ent, the embryonic clones were more dispersed and
consisted of small groups of scattered cells at E6.5 [9,10].
However, it has remained unknown whether the embry-
onic and extra-embryonic regions constitute distinct cellu-
lar compartments which do not mix, at the time of their
formation shortly after implantation. Moreover it remains
to be understood how early after implantation VE cells
begin to behave differently in embryonic and extra-
embryonic regions and how the pattern of their growth
relates to the appearance of histological and molecular
differences in these regions and to the formation and
migration of the AVE.
Extra-embryonic tissues are involved in tightly regulated
reciprocal interactions with the epiblast leading to the
establishment of AP polarity at E5.5 (reviewed in [2]).
Nodal, a member of the TGFβ superfamily, is required in
the epiblast for the specification of a population of distal
VE cells [11]. At E5.5 these cells are characterised by a
columnar shape, which provides a visible landmark
known as the visceral endoderm thickening (VET) [5], and
by the expression of a specific panel of genes encoding
transcription factors like the homeoprotein Hhex or
secreted proteins like the TGFβ antagonists Cerberus-like
1 (Cer1) and Lefty1 [12-14]. The anterior pole of the
embryo is defined by the asymmetric migration of these
cells towards one side of the egg cylinder, where they form
the AVE [15,16]. Some genes marking the AVE at E5.5 like
Hhex and Lefty1 are already expressed in the E3.5 ICM and
in the E4.5 primitive endoderm though with different pat-
terns [7,15,17,18]. These findings raise the question of the
origin of the AVE. AVE cells could arise from a single pre-
cursor at the blastocyst stage indicating an early segrega-
tion of this lineage during pre-implantation stages.
Alternatively the AVE could be formed by non-clonally
related VE cells induced between E3.5 and E5.5.
The aim of our study has been to analyse the formation of
the embryonic and extra-embryonic regions as the blasto-
cyst transforms into the egg cylinder. As a first step we
have characterised the morphology of E4.7-E5.0 concep-
tuses and observed an actin-rich depression in the extra-
embryonic ectoderm at the time of the formation of the
extra-embryonic region. We have used the technique of
single cell labelling in the blastocyst to target VE precur-
sors in the ICM surface [9] and analyse their progeny at
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E5.0, E5.5 and E6.5. We show that as early as E5.0 the
embryonic and extra-embryonic regions of the VE do not
correspond to distinct cellular compartments, and that
growth is not restricted across their junction even after the
appearance of histological and molecular differences at
E5.5. However we observe distinct patterns in embryonic
and extra-embryonic VE regions from the time of AVE
migration, when AP polarity is visible. Finally, using two
criteria to identify the AVE, the VET and the activity of a
Cer1-GFP transgene, we demonstrate for the first time the
polyclonal origin of this anterior signalling centre.
Results
Morphological steps of formation of the extra-embryonic 
region at the time of implantation
After implantation, two regions are distinguishable within
the conceptus. Distally, the embryonic region is formed
by the epiblast and the overlying VE, whereas the extra-
embryonic region proximally contains the extra-embry-
onic ectoderm covered by VE. In contrast before implan-
tation these two regions cannot be identified. How are
they formed?
To answer this question we have recovered conceptuses
directly from the crypts of the uterus at different hours on
the 5th day of gestation, at the time of implantation. We
have analysed their morphological changes based on the
staining with phalloidin-Texas red in the H2B-GFP trans-
genic line, to visualise cell borders and nuclei. Three stages
of conceptuses were identified, depending on their mor-
phology and on the time of recovery. At the implanted
blastocyst stage, primitive endoderm cells, in contact with
the blastocoel, were clearly distinct from epiblast cells
(white arrow Fig. 1B, E). At this stage some primitive
endoderm cells, known as parietal endoderm, were
observed on the inner surface of the mural trophectoderm
(yellow arrow, Fig. 1E). These embryos were recovered
between 3–7pm, and therefore correspond to E4.7. At the
pre-egg cylinder stage, a thickening of the polar trophecto-
derm could be observed. By this stage this cell layer had
been rearranged from a squamous (arrowhead and inset
Fig. 1E) to a cuboidal epithelium (arrowhead and inset
Fig. 1F). When several layers can be identified in this tis-
sue, it takes the name of extra-embryonic ectoderm
(arrowhead Fig. 1C). The VE was clearly visualised at this
stage and was curved around the epiblast (white arrow
Fig. 1F). Pre-egg cylinder stage conceptuses were recovered
between 6–9 pm, and therefore correspond to E4.8. It was
only at the early egg cylinder stage, that we observed the
VE covering the extra-embryonic ectoderm (Fig. 1D). At
the early egg cylinder stage, some conceptuses showed evi-
dence of a forming proamniotic cavity, as judged by the
occasional presence of a central apoptotic epiblast cell
(Fig. 1G). Early egg cylinder conceptuses were recovered
between 9 pm–3 am, and therefore correspond to E5.0.
These observations show that the extra-embryonic region
forms by "thickening" of the polar trophectoderm at the
pre-egg cylinder stage, and that it is covered by the VE only
from the early egg cylinder stage onwards. In contrast the
primitive endoderm already covers the epiblast from the
implanted blastocyst stage, thus defining the embryonic
region.
To confirm in living embryos the sequence of events
described on fixed material, we have performed in vitro
cultures. These experiments indicate that implanted blast-
ocysts may develop into pre-egg cylinder conceptuses, as
shown by the change in morphology of the polar trophec-
toderm from a squamous to a cuboidal epithelium (Addi-
tional file 1A-B). In addition, pre-egg cylinder conceptuses
may develop into early egg cylinder conceptuses as shown
by the appearance of several layers of polar trophecto-
derm cells that become covered by the VE (Additional file
1C-F). Therefore the sequence of stages from implanted
blastocyst to pre-egg cylinder and from pre-egg cylinder to
early egg cylinder applies to living embryos.
In addition to morphological changes, we have analysed
the size of E4.7-E5.0 conceptuses (Fig. 1H). We found
that, following the formation of the extra-embryonic
region, the total (proximal-distal) length increased about
2.5 fold reaching 136 μm (Standard deviation, SD = 17μm), whereas the embryonic region, from the distal tip of
the conceptus to the proximal end of the epiblast, grew
less, from 49 μm (SD = 14 μm) to 73 μm (SD = 8 μm).
Consistently, the ratio between the total and embryonic
lengths increased from 1.2 at the implanted blastocyst
stage to 1.3 at the pre-egg cylinder stage and 1.9 at the
early egg cylinder stage. These results indicate that the
extra-embryonic region becomes a significant part of the
conceptus after pre-egg cylinder stage.
To get insight into the mechanism of formation of the
extra-embryonic region, we have analysed in more detail
the extra-embryonic ectoderm at pre-egg cylinder and
early egg cylinder stages. We found that 45% of pre-egg
cylinder (n = 7) and 70% of early egg cylinder conceptuses
(n = 21) showed intense phalloidin staining at the proxi-
mal pole of the extra-embryonic ectoderm, indicative of a
localised enrichment of actin, associated with a slight (Fig.
1I) or more pronounced (Fig. 1J–K) depression of the tis-
sue. This depression was also visible in transmitted light
(Fig. 1L–N). In the remaining early egg cylinder concep-
tuses (n = 8, 30%), we did not detect any actin-enrich-
ment or depression of the extra-embryonic ectoderm (Fig.
1G). However, we noticed that these conceptuses were sig-
nificantly bigger in size, with a total length of 148 μm (SD
= 15 μm), compared to 122 μm (SD = 20 μm) and some
of them (50%) showed evidence of a forming proamni-
otic cavity. This indicates that the actin-rich depression of
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Formation of the extra-embryonic region of the egg cylinderigure 1
Formation of the extra-embryonic region of the egg cylinder. (A-D) Bright field images of mouse conceptuses, before 
implantation at E3.5 (A), and after implantation at E4.7-E5.0 (B-D). Arrowheads point to the polar trophectoderm, later called 
extra-embryonic ectoderm (from pre-egg cylinder stage). White arrows show the visceral endoderm. b, blastocoel ; e, epiblast 
; EEC, early egg cylinder; i, inner cell mass (ICM) ; IB, implanted blastocyst ; m, mural trophectoderm; PEC, pre-egg cylinder. (E-
G) Phalloidin-Texas red staining (red) of H2B-GFP (green) transgenic conceptuses, showing respectively the membranes and 
nuclei of cells. Confocal sections of conceptuses at the implanted blastocyst (IB in E), pre-egg cylinder (PEC in F) and early egg 
cylinder (EEC in G) stages are shown. Yellow arrows show the parietal endoderm. The contour of the epiblast is highlighted in 
white. Insets show the contour of 3 neighbouring cells of the polar trophectoderm. (H) Measurements of the embryonic region 
(Emb) and total length of conceptuses at E4.7-E5.0, as defined by the coloured double arrows in B-C. The average number is 
shown and error bars indicate the standard deviation from 12 implanted blastocysts, 18 pre-egg cylinder and 24 early egg cylin-
der conceptuses. The ratio between the two lengths is represented in brown. pc, proamniotic cavity. Conceptuses are ori-
ented with the proximal and distal poles respectively up and down. (I-K) Confocal sections of E4.8-E5.0 conceptuses stained 
with phalloidin-Texas red, showing the distribution of actin. Arrowheads point to an enrichment of actin in a folded region of 
extra-embryonic ectoderm (exe). The contour of the epiblast is highlighted in yellow. ve, visceral endoderm. (L-N) Bright field 
images of E4.8-E5.0 conceptuses. Arrowheads point to the folding of the polar trophectoderm. (O) Schematic summary show-
ing the characteristics of conceptuses ordered by stage during the formation of the extra-embryonic region. The polar troph-
ectoderm (grey) thickens and folds, whereas the primitive endoderm (yellow), which initially covers the epiblast (implanted 
blastocyst stage) and mural trophectoderm (pre-egg cylinder stage), engulfs the extra-embryonic ectoderm at the early egg cyl-
inder stage. Scale bars 20 μm.
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the extra-embryonic ectoderm is transient and that this
feature is lost as the conceptus develops further. Taken
together, these observations suggest a new descriptive
model for the formation of the extra-embryonic region.
After the initial thickening, there is a folding of the extra-
embryonic ectoderm which may involve actin. The overly-
ing VE is carried along during this process. This results in
the extra-embryonic ectoderm being engulfed by the VE,
thereby marking the transition from blastocyst to egg cyl-
inder (Fig. 1O).
The junction between embryonic and extra-embryonic VE 
regions is not a compartmental barrier during egg cylinder 
growth
The VE covers both the embryonic and extra-embryonic
region. However VE cells display distinct characteristics in
these regions, in terms of cell shape [4] and gene expres-
sion [6]. Such differences have been shown from the time
of induction of the AVE [5,7], whereas at the early egg cyl-
inder stage we have observed that differences in the shape
of VE cells between both regions are less pronounced (Fig.
1G, K). Do the embryonic and extra-embryonic regions
correspond to distinct cellular compartments at the time
of their formation? Is growth restricted across the embry-
onic/extra-embryonic junction during egg cylinder devel-
opment?
We have used a cell labelling approach to address these
issues. Precursor cells were labelled before implantation,
in the E3.5 blastocyst. We have microinjected mRNA
encoding fluorescent proteins into single cells at the sur-
face of the ICM, in order to target preferentially VE precur-
sors [9]. Labelled blastocysts were transferred into the
uterus and recovered after implantation at E4.7-E5.0, E5.5
and E6.5 (Additional file 2A). Only E4.7-E5.0 conceptuses
which had a clearly visible extra-embryonic region (early
egg cylinder stage) were considered for further analysis.
On average, 8 (SD = 5) VE labelled cells per conceptus
were observed at the early egg cylinder stage (n = 24), 39
(SD = 20) at E5.5 (n = 48) and 154 (SD = 64) at E6.5 (n =
31).
The contribution of VE labelled cells to the embryonic and
extra-embryonic regions was analysed. These two VE
regions have a similar size, in terms of cell numbers, both
at the early egg cylinder stage, when the extra-embryonic
region has formed, and at E5.5 (data not shown). Labelled
conceptuses at the early egg cylinder stage, E5.5 and E6.5
were classified as embryonic (Fig. 2A–B), extra-embryonic
(Fig. 2C–E) or extra-embryonic and embryonic when
both regions were colonised (Fig. 2F–H). At all stages
examined a majority of conceptuses had labelled cells
contributing to both regions (50% at the early egg cylin-
der stage, 69% at E5.5 and 87% at E6.5). These percent-
ages are significantly higher than the rate of blastocysts
with more than one labelled cell after microinjection (see
Methods), indicating that the double contribution to
embryonic and extra-embryonic regions is a clonal event.
This indicates that many VE precursors at E3.5 are not
restricted in their ability to contribute to the embryonic or
extra-embryonic regions.
The proportion of conceptuses with contribution of
labelled cells to both regions significantly increased
between the early egg cylinder stage and E6.5 whereas the
proportion of labelled conceptuses with exclusive contri-
bution to the embryonic region significantly decreased
during the same period (Chi-square test, p < 0.05). This
suggests that as the embryo develops, labelled cells that
were located exclusively in the embryonic region at the
early egg cylinder stage grow and span the embryonic/
extra-embryonic junction to colonise the adjacent region.
These results indicate that as soon as they can be identi-
fied at the early egg cylinder stage the embryonic and
extra-embryonic domains of the VE do not correspond to
distinct cellular compartments. Moreover there is no
restriction of growth between these two regions even after
E5.5, when histological and molecular differences have
been shown between embryonic and extra-embryonic VE
regions [5,7].
Shift in orientation of VE clusters at the embryonic/extra-
embryonic junction after AVE migration
Given the lack of growth restriction across the embryonic/
extra-embryonic junction, we have investigated whether
VE cells at the junction between these regions show spe-
cific behaviour. We have focussed on clusters of labelled
cells which abut or cross the embryonic/extra-embryonic
junction ("junction clusters"). Note that some concep-
tuses have more than one such cluster. We have noticed
that junction clusters display specific shapes. They were
classified according to their orientation. Transverse clus-
ters were parallel to the junction and extended either in
the embryonic or extra-embryonic region (Fig. 3A–C);
some clusters were oblique (Fig. 3D–E); vertical clusters
were parallel to the proximal-distal axis of the conceptus
(Fig. 3F–H). At E5.5 and E6.5 the angle between the ori-
entation of the cluster and that of the embryonic/extra-
embryonic junction was measured, to define the catego-
ries (Fig. 3L). At the early egg cylinder stage, clusters were
categorised qualitatively as they contained fewer cells and
as the embryonic/extra-embryonic junction may not be
straight. At all stages when clusters had a rounded shape
they were considered as not oriented (Fig. 3I–K).
At the early egg cylinder stage, most "junction clusters"
were vertical (64%, Fig. 3F), and only a minority showed
a transverse orientation (9%, Fig. 3A). This suggests that
between E3.5 and the early egg cylinder stage, VE cells
tend to grow along the proximal-distal axis as the egg cyl-
BMC Developmental Biology 2007, 7:96 http://www.biomedcentral.com/1471-213X/7/96
Page 6 of 16
(page number not for citation purposes)
Lack of growth restriction between the embryonic and extra-embryonic regions of the VEFigure 2
Lack of growth restriction between the embryonic and extra-embryonic regions of the VE. Examples of labelled 
conceptuses recovered after microinjection of single cells at the surface of the ICM at the blastocyst stage. They are shown as 
a fluorescent projection of a confocal z series merged with a transmitted light section, at the early egg cylinder (EEC) stage (A, 
C, F), E5.5 (B, D, G) and E6.5 (E, H). For each stage, the number of labelled conceptuses considered (n) and the percentage of 
those with colonisation of the embryonic region only (Emb, A-B), the extra-embryonic region only (Xemb, C-E) or both 
(Xemb+Emb, F-H) is indicated. Arrowheads point to the embryonic/extra-embryonic junction. Conceptuses are oriented with 
the anterior pole on the left, whenever it can be identified. Scale bars 20 μm.
inder elongates, with disregard to the embryonic/extra-
embryonic junction. In contrast transverse and oblique
orientations were more frequent at E5.5 and E6.5 (48 and
72% respectively, Fig. 3B, C, D, E). These observations
indicate that the orientation of clusters at the junction
between the embryonic and extra-embryonic region is
shifted, such that it becomes preferentially parallel to the
junction rather than to the proximo-distal axis of the egg
cylinder.
To clarify the timing at which this shift takes place, we
have staged E5.5 egg cylinders according to the position of
the migrating AVE. We have used the published nomen-
clature, based on the distal (E5.5D, Fig. 3M), laterodistal
(E5.5L/D, Fig. 3N) and lateral (E5.5L, Fig. 3O) position of
the VET [5]. More than half of the "junction clusters" were
vertical (59%) at E5.5D and L/D (Fig. 3P), similarly to the
situation at the early egg cylinder stage. In contrast at
E5.5L most "junction clusters" showed transverse or
oblique orientations (75%). These results suggest that the
orientation of junction clusters is shifted after AVE migra-
tion.
We have investigated whether the orientation of junction
clusters is different at the anterior and posterior poles after
AP polarity becomes visible at E5.5L and E6.5. The major-
ity of vertical clusters appeared to be located in the poste-
rior third of the egg cylinder (71%, n = 7), whereas most
transverse clusters were in anterior or lateral positions
(94%, n = 16). This suggests that the shift in orientation
BMC Developmental Biology 2007, 7:96 http://www.biomedcentral.com/1471-213X/7/96
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Shift in orientation of VE clusters at the embryonic/extra-embryonic junctionFigure 3
Shift in orientation of VE clusters at the embryonic/extra-embryonic junction. (A-K) Examples, shown as a fluores-
cent projection of a confocal z series merged with a transmitted light section, of VE clusters with a transverse orientation (A-
C), oblique orientation (D-E), vertical orientation (F-H) and with no specific orientation (I-K) at the level of the embryonic/
extra-embryonic junction at the early egg cylinder (EEC) stage (A, F, I), E5.5 (B, D, G, J) and E6.5 (C, E, H, K). The orientation 
of clusters at E5.5 and E6.5 is indicated by a red line and that of the embryonic/extra-embryonic junction by a white line. 
Arrowheads indicate the embryonic/extra-embryonic junction at the early egg cylinder stage. The contour of clusters with no 
specific orientation is outlined by a red line. For each stage, the number of clusters considered (n) and the percentage of clus-
ters with a given orientation are shown. The number of conceptuses with clusters of labelled cells at the embryonic/extra-
embryonic junction considered is 17 at the early egg cylinder stage, 36 at E5.5 and 21 at E6.5. Some conceptuses have several 
clusters at the embryonic/extra-embryonic junction. (L) Schematic representation of the classification of junction clusters 
according to the value of the angle between the orientation of the cluster (red line) and that of the embryonic/extra-embryonic 
junction. (M-O) Bright field images of conceptuses at E5.5. Black arrows show the thickening of the visceral endoderm (VET), 
which indicates the position of the anterior pole, distally (D), laterodistally (L/D) or laterally (L). (P) Summary table of the ori-
entation of junction clusters at E5.5 according to the position of the VET. Scale bars 20 μm.
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of junction clusters is more pronounced at the anterior
pole. This may be a consequence of the movement of AVE
cells.
VE cells in the embryonic and extra-embryonic regions 
show distinct growth modes from E5.5
Though the embryonic and extra-embryonic regions do
not correspond to distinct cellular compartments, the
appearance of distinct histological and molecular proper-
ties from E5.5 correlates with specific cell patterns at the
junction. Previous work had indicated that different
growth modes distinguish each VE region so that cells in
the extra-embryonic region grow as more coherent
patches while those in the embryonic region grow in a
more dispersive way by E6.5 [9]. We have investigated in
detail the time of appearance of these distinct growth
modes during egg cylinder growth.
We have compared the dispersion of labelled VE cells in
the embryonic and extra-embryonic regions at the early
egg cylinder stage, E5.5 and E6.5. The labelled concep-
tuses were classified as "coherent" and "dispersive"
depending on whether labelled cells form a unique con-
tinuous population ("coherent", Fig. 4A–C), or whether
distinct clusters of one or more labelled VE cells were sep-
arated from the rest of the clone by at least one non-
labelled VE cell ("dispersive", Fig. 4E–G).
We have found that while at the early egg cylinder stage
and E5.5 around two thirds of the labelled conceptuses
were "dispersive" (Fig. 4E, F) and one third were "coher-
ent" (Fig. 4A, B), at E6.5 the vast majority of cases were
"dispersive" (94%, Fig. 4G). This indicates that cell mixing
in the VE is increased between E5.5 and E6.5. Coherent
distributions of labelled cells can be found in the embry-
onic region of early egg cylinder and E5.5 conceptuses,
whereas they are restricted to the extra-embryonic region
at E6.5 (Fig. 4D). This suggests that coherent growth of VE
cells becomes specific to the extra-embryonic region,
between the early egg cylinder stage and E6.5.
To further characterise the dispersion of VE cells we have
compared the number, the size and the position of the
clusters per labelled conceptus. At the early egg cylinder
stage and E5.5, the number of clusters in the embryonic
and extra-embryonic regions was similar and relatively
low (2 or 3 clusters, Fig. 4H). In contrast between E5.5
and E6.5 cell dispersion in the VE was significantly
enhanced, in particular in the embryonic region where the
number of clusters significantly increased (Mann-Whitney
test, p < 0.005). After E5.5, dispersion also occurred in the
extra-embryonic region, yet to a lesser extent (Mann-Whit-
ney test, p < 0.05). Taken together these results suggest
that it is only after E5.5, when the AVE has initiated its
migration, that different growth modes can be distin-
guished in the embryonic and extra-embryonic regions,
such that dispersion of VE cells is more pronounced in the
embryonic region.
Anterior visceral endoderm cells have a polyclonal origin
We have shown that the embryonic region of the VE is
characterised by extensive cell mixing. Yet a group of cells
in this region, the AVE, shares specific properties such as a
columnar cell shape and expression of specific markers
including Lefty1 and Cer1. In addition, it has been shown
that Lefty1 is already expressed in some ICM cells of the
blastocyst [17], raising the question of whether AVE cells
have a common precursor in the blastocyst. Alternatively
the AVE may arise from distinct mixed clones.
To investigate the origin of cells of the AVE, we performed
a clonal analysis in the Cer1-GFP transgenic line, which
marks cells of the AVE at E5.5. We injected surface cells of
the ICM with an mRNA encoding a nuclear red-fluores-
cent protein. Only blastocysts with a single positive cell
were transferred into the uterus of a foster mother. Con-
ceptuses were collected at E5.5 and staged depending on
the position of Cer1-GFP positive cells (Fig. 5D, G). The
number of Cer1-GFP positive cells and the size of the con-
ceptus at each stage was similar to non-injected concep-
tuses [19]. We found that 7 out of 29 clones of red-
positive cells colonised Cer1-GFP expressing domain (Fig.
5B–C, E–F, H). In all cases these clones colonised only a
subset of AVE cells, between 10 and 27%. To avoid the
possibility that the lack of colonisation of the entire AVE
is due to some cytotoxicity of the red marker (red clones
were smaller, see Methods), we also carried out an alterna-
tive analysis by monitoring AVE cells based on their
columnar shape [5]. Among the wild-type E5.5 concep-
tuses with labelled GFP cells described earlier, 34 were
observed in an orientation which permits detection of the
VET. In 17, GFP positive cells colonised the VET. In all
these cases, only a fraction of the VET was labelled (Fig.
5I–J). Thus we conclude that the origin of the AVE is pol-
yclonal. This is not only true in the blastocyst, but neces-
sarily also for VE cells between E3.5 and E5.5. Indeed, if a
single precursor of AVE existed at an intermediate stage, its
mother cell in the blastocyst would necessarily contribute
to the whole AVE in addition to other VE cells. Therefore
the polyclonal origin of the AVE holds true from E3.5 to
E5.5.
Discussion
Internalisation of the extra-embryonic ectoderm during 
egg cylinder formation
Systematic dissections from the uterus and analysis of
early egg cylinder conceptuses have revealed a folding of
the extra-embryonic ectoderm when the blastocyst trans-
forms into the egg cylinder. This unexpected finding sup-
ports an earlier observation of "a slight depression on the
BMC Developmental Biology 2007, 7:96 http://www.biomedcentral.com/1471-213X/7/96
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Cell dispersion in the VE of the embryonic region specifically increases after E5Figure 4
Cell dispersion in the VE of the embryonic region specifically increases after E5.5. Examples, shown as a fluorescent 
projection of a confocal z series merged with a transmitted light section, of coherent (A-C) and dispersive (E-G) distributions 
of labelled cells at the early egg cylinder (EEC) stage (A, E), E5.5 (B, F) and E6.5 (C, G). For each stage, the number of concep-
tuses considered and the percentage of coherent and dispersive cases are indicated. (D) Schematic representation of the local-
isation of labelled cells in coherent distributions. The number of conceptuses considered at each stage is indicated (n) and the 
percentage of cases with labelled cells in the extra-embryonic region (grey), the embryonic region (blue) or spanning both (ver-
tical bar) is shown. (H) Schematic representation of the characteristics of dispersive distributions of labelled cells in the extra-
embryonic region (grey) or embryonic regions (blue). The number of conceptuses considered at each stage (n) is indicated. 
The average and the standard deviation of the number of clusters per conceptus are shown in black. The number of concep-
tuses considered with clusters in the extra-embryonic and embryonic regions respectively is 9 and 12 at the early egg cylinder 
stage, 20 and 21 at E5.5, 26 and 27 at E6.5. Some conceptuses have both extra-embryonic and embryonic clusters. The average 
and the standard deviation of the number of cells per clusters are shown in dark blue. The number of clusters considered in 
the extra-embryonic and embryonic regions respectively is 14 and 21 at the early egg cylinder stage, 40 and 53 at E5.5, 92 and 
431 at E6.5. *,°,+,~ are significantly different (Mann-Whitney test, p < 0.05). nb, number; SD standard deviation. Scale bars 20 μm.
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surface of the trophoblast cone" which "becomes a fun-
nel-shaped cavity", in sections of uterine horns containing
conceptuses of similar appearance to those at the early egg
cylinder stage in our study [20]. Based on the age of the
conceptuses, we propose a model for the sequence of
events leading to the formation of the extra-embryonic
ectoderm. At pre-egg cylinder stage, polar trophectoderm
cells are being rearranged. The localized accumulation of
actin suggests that a contractile apparatus is assembled
under the apical surface of polar trophectoderm cells.
When it springs into action, it may contribute to the for-
mation and the closure onto itself of the funnel-shaped
depression. Later, at the early egg cylinder stage, no sign of
actin enrichment or tissue depression remains, suggesting
that the depression is occluded. It is only later, at E5.5L/
D, that an extra-embryonic cavity forms, by extension of
the embryonic pro-amniotic cavity [5,21]. This model is
descriptive and determination of the precise mechanism
of formation of the extra-embryonic region would require
experiments on living embryos. Embryos at this early
stage are still very difficult to culture and improvement of
culture conditions will be necessary to investigate whether
folding of the extra-embryonic ectoderm affects every
embryo and to characterise further the nature of the con-
tractile apparatus. From a phylogenetic point of view, the
formation of a cup-shaped egg cylinder is a characteristic
of mouse and some mammalian conceptuses, whereas
others, including human or bovine, are planar [22]. This
is thought to permit compaction of the volume of the con-
ceptus in relation to the increase of litter size. Constriction
of the polar trophectoderm might underlie this difference
in conceptus shape.
Additional phenomena such as increased proliferation of
cells from the polar trophectoderm [3], may contribute to
the transformation of the blastocyst into the egg cylinder.
Regional differences in cellular proliferation rates and
mechanical constraints have been suggested to drive
growth in the direction of least resistance, as if the extra-
embryonic ectoderm was pushed towards the blastocoelic
cavity [3]. This would also result in polar trophectoderm
derivatives being engulfed by the VE. In this case, the VE
of the extra-embryonic region may originate from cells
initially covering the epiblast. These would come in con-
tact with the extra-embryonic ectoderm as it is pushed
into a territory previously occupied by the epiblast.
Conventionally, parietal endoderm is defined as the
endoderm cells lining the inner surface of the mural tro-
phectoderm [21]. Our model implies that some of these
cells, after folding of the polar trophectoderm, might
cover the extra-embryonic ectoderm and therefore adopt a
position characteristic of the VE (Fig. 2G). This raises the
question of where the limit between visceral and parietal
endoderm is to be found. Different cell morphologies
have been observed at day 5, such that parietal endoderm
cells are stellate and form a discontinuous layer [23]. In
our implanted blastocysts and pre-egg cylinder concep-
tuses (see Fig. 1E–F), we observe endoderm cells lining the
mural trophectoderm, in continuity with the endoderm
cells that contact the epiblast, and with a VE-like mor-
phology. The identity of these cells is unclear. Even at a
later stage, when both tissues have specific markers, cells
at the junction between parietal and visceral endoderm,
the so-called marginal zone, are ill-defined and show
characteristics of both types [24]. Further studies will be
required to understand how the primitive endoderm is
segregated between parietal and visceral endoderm.
The junction between embryonic and extra-embryonic VE 
regions is not a compartmental barrier during egg cylinder 
growth
The classical difference between VE cells in the extra-
embryonic and embryonic regions is histological, the
former having columnar shape and the latter a squamous
shape [4]. We do not observe this difference at the early
egg cylinder stage. It becomes only apparent from E5.5
with the exception of the columnar VET in the embryonic
region [5]. Molecular differences are also observed, and
were originally described at E6.5 based on the expression
of genes such as those encoding the glycoprotein α-feto-
protein [6] or the activin receptor ActRIB [25]. It has
recently been shown that specific expression of genes in
the embryonic region of the VE is first visible at E5.25,
whereas markers of the extra-embryonic region are down-
regulated in the embryonic region at E5.5 [7].
We have found that clonally related VE cells may grow
across the junction between embryonic and extra-embry-
onic regions from the early egg cylinder stage to E6.5. Pre-
vious studies have shown that, when AVE cells reach the
embryonic/extra-embryonic junction, they transitorily
spread along the junction [16] as if the junction could act
as a transitory barrier to cell migration. AVE cells may
occasionally cross the junction as they spread along it
[5,16] and later, during gastrulation, are displaced into
the extra-embryonic region by the forming definitive
endoderm [26]. This indicates that while the junction
affects AVE cell migration, it is not a compartmental bar-
rier. Taken together these results show that embryonic and
extra-embryonic VE regions are not distinct cellular com-
partments, despite their histological and molecular differ-
ences. This suggests that the differences between the
embryonic and extra-embryonic regions are not related to
the origin and nature of VE cells but are rather controlled
by extrinsic signals from the underlying tissues, namely
the epiblast and the extra-embryonic ectoderm. This is
consistent with the finding that the expression of α-feto-
protein responds to an unknown signal from the extra-
embryonic ectoderm [27].
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Distinct cell behaviour marks embryonic and extra-
embryonic regionalisation of the visceral endoderm after 
AVE migration
Despite the lack of strict clonal restriction, cells of the VE
display distinct growth modes in the embryonic and extra-
embryonic regions by E6.5 [9,10]. We show that as soon
as E5.5, coherent growth becomes specific to the extra-
embryonic region whereas dispersion is enhanced in the
embryonic region. The stage when these regionalised cell
patterns appear is similar to that at which histological and
molecular regionalisation becomes visible. Regionalised
growth modes are still observed at later stages when VE in
Polyclonal origin of the Anterior Visceral Endoderm (AVE) regionFigure 5
Polyclonal origin of the Anterior Visceral Endoderm (AVE) region. (A-H) The Cer1-GFP transgenic line is used as a 
marker of the AVE region. Examples of two conceptuses (A-C and D-F) at E5.5 containing a red-positive clone in the VE. (A, 
D) Cer1-GFP pattern indicates the embryonic stage, respectively E5.5L and E5.5D. Green fluorescent projection of a confocal z 
series merged with a transmitted light section are shown. (B, E) VE clones labelled with a red nuclear marker. The two sides of 
the conceptus are shown as a red fluorescent projection of a confocal z series. Asterisks indicate autofluorescence of the pari-
etal endoderm. (C, F) Merged confocal sections of the conceptuses, showing the colocalisation (arrowheads) of the transgenic 
green and clonal red markers. (G) Summary of the characteristics of conceptuses with a given Cer1-GFP pattern. Average num-
bers are given. D, distal ; L/D, laterodistal; L, lateral; nb, number. (H) Summary of the characteristics of red-positive clones in 
the transgenic line. Average numbers are given. VE, visceral endoderm. (I-J) The visceral endoderm thickening (VET) is used as 
a marker of the AVE region and is delineated by a white line. Examples of GFP-positive cells in wild type conceptuses, at E5.5L/
D in I and E5.5D in J. Arrowheads point to the positive cells colonising the VET. I, J are green fluorescent projection of a con-
focal z series merged with a transmitted light section and I', J' are merged confocal sections. Scale bars 20 μm.
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the embryonic region is being replaced by definitive endo-
derm during gastrulation [26]. It has been proposed that
proteins of the extra-cellular matrix, hensin and laminin,
mediate differences in the cell architecture of columnar
and squamous VE [28]. Variations in the composition of
the extra-cellular matrix may well underlie the distinct
growth modes that we observe here by regulating cell
behaviour such as intercalation, migration or division.
Interestingly, perturbation of the formation of the AP axis,
by mutation in genes of the Wnt [29,30] or TGFβ [31]
pathways inhibits the formation of distinct cell architec-
ture. Nodal signalling, which plays a central role in AP
axis specification [11], also affects the molecular regional-
isation of the VE. Nodal is essential for the expression of
genes, such as Lhx1, specific to the embryonic region of
the VE and also to confine the expression of some mark-
ers, including Furin, to the extra-embryonic region [7].
These data suggest that regionalisation of the VE might be
linked to the emergence of the AP axis as distinct behav-
iour of VE cells in the embryonic and extra-embryonic
regions becomes pronounced only after migration of the
AVE.
Migration of the AVE not only affects the regionalisation
of VE cells, but also their behaviour at the embryonic/
extra-embryonic junction. We have shown that orienta-
tion of labelled clusters at the level of the junction is
shifted to become parallel to it. This may be due to new
oriented cell division or to rearrangement of neighbour-
ing cells. Cell labelling together with time-lapse observa-
tions at post-implantation stages have demonstrated that
when AVE cells reach the anterior embryonic/extra-
embryonic junction, they come to an abrupt halt and then
start to spread laterally [5,16]. More distal embryonic VE
cells are also displaced proximally and blocked at the level
of the junction [5]. The transverse clusters observed on the
embryonic side of the junction are most likely the result
of this process. However, such clusters were also observed
in the extra-embryonic region indicating that the distal to
anterior movement of AVE cells restricts the exchange of
cells between the extra-embryonic and embryonic regions
in both directions. Importantly, this appears to be a spe-
cificity of the anterior pole, as vertical clusters can span the
junction posteriorly.
Polyclonal origin of the anterior visceral endoderm
We have assessed the origin of cells of the AVE using two
criteria to identify this region: expression of a specific
molecular marker and distinct morphology. We found
that at E5.5 the Cer1-GFP expressing domain and the VET
domain are never completely colonised by the descend-
ants of one single surface ICM cell. These results show that
the AVE has a polyclonal origin in the blastocyst.
The cellular composition of the AVE is unclear and several
criteria are currently used to distinguish this region from
the rest of the VE. These include the expression of specific
molecular markers encoding transcription factors or
secreted proteins from E5.5 to E6.5 (reviewed in [2]), its
morphology as a localised columnar epithelium at E5.5
[5], the ability of cells to migrate from distal to anterior
positions between E5.5 and E5.75 [15,16], a low prolifer-
ation rate [32] and its requirement for the maintenance of
anterior epiblast and neurectoderm fates before and dur-
ing gastrulation [12]. Cells in the AVE region seem to dis-
play heterogeneous characteristics already from E5.5
when they are first identified at the distal tip of the egg cyl-
inder. Indeed at this stage, cells of the VET express Hhex in
a salt and pepper pattern that does not completely overlap
the expression domain of two other AVE markers, Cer1
and Lefty1 [16,32]. Mutations in the different genetic
pathways involved in AVE specification affect differen-
tially the expression of AVE markers, further highlighting
the complexity of this region [11,33,34]. Whether the het-
erogeneity observed in the AVE region relates to possible
distinct origins, fates and functions remains unknown.
The current view of how the AVE region is specified is that
Nodal signalling from the epiblast is required for the for-
mation of this specialised VE population at the distal tip
of the E5.5 egg cylinder [11] and that a signal derived from
the extra-embryonic ectoderm is necessary to prevent the
ectopic expression of AVE markers in the rest of the VE
[19,35]. Some genes marking the AVE at E5.5 like Hhex,
Cerl and Lefty1 are already expressed in the E3.5 ICM and
in the E4.5 primitive endoderm though with slightly dif-
ferent patterns [7,15,17,18,36]. Although the lineage of
these cells is still unknown, these findings raise the ques-
tion of whether AVE cells are specified during peri-
implantation stages, before they can be morphologically
identified at E5.5. Our results help to understand the ori-
gin of the AVE as they demonstrate that all AVE cells at
E5.5 are not derived from a single surface ICM precursor
in the E3.5 blastocyst. Whether there is a stage between
E3.5 and E5.5 at which some VE cells will only give rise to
descendants in the AVE remains to be understood. Further
work will be required to clarify the timing and mecha-
nisms of AVE specification. In particular it will be interest-
ing to determine whether the complexity of the AVE cell
population at E5.5 results from sequential steps of speci-
fication taking place during peri-implantation and early
post-implantation development.
Conclusion
We have analysed the formation of the embryonic and
extra-embryonic regions of the conceptus as the blastocyst
transforms into the egg cylinder. We show that the extra-
embryonic region is clearly visible at the early egg cylinder
stage and that its formation involves a folding of the extra-
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embryonic ectoderm. Using a cell labelling approach we
find that the embryonic and extra-embryonic regions of
the VE do not correspond to distinct cellular compart-
ments, and that growth is not restricted across their junc-
tion even after the appearance of histological and
molecular differences by E5.5. Our results suggest that the
distinct characteristics observed in the embryonic and
extra-embryonic regions of the VE are regulated by extrin-
sic signals, possibly from the adjacent epiblast and extra-
embryonic ectoderm respectively, from E5.5. Thus,
despite their common origin VE regions are characterised
by distinct cell behaviour such that cell dispersion is more
pronounced in the embryonic region after the migration
of the AVE. At this time, VE cell clusters at the junction
between the embryonic and extra-embryonic regions are
reoriented to become parallel to it. Our clonal analysis of
the AVE demonstrates for the first time that this anterior
signalling centre arises from more than a single precursor
between E3.5 and E5.5.
Methods
Mouse strains and conceptuses recovery
Conceptuses were collected from natural matings of F1
(C57BL/6xCBA) females with F1 males or transgenic
Histone2B-GFP [37] or Cer1-GFP [38] males maintained
on a regime of 12 hours dark and 12 hours light, the mid-
point of the dark period being 1 a.m. All experiments with
animals were conducted in accordance with UK Govern-
ment Home Office Licensing regulations. Noon of the day
of the vaginal plug was considered as day 0.5 of develop-
ment (E0.5). Blastocysts were flushed from the uterus in
M2 medium at about 8 a.m. (Fig. 1A) and cultured in
KSOM in an atmosphere of 5% CO2 at 37°C. E4.7-E5.0
and E5.5 conceptuses were dissected from the decidua in
DMEM supplemented with amino acids, HEPES 25 mM
and 10% foetal calf serum. At E4.7-E5.0, the implantation
site was visible as a slight bulge and the conceptus was col-
lected in the crypt. E6.5 conceptuses were collected as pre-
viously described [9]. The parietal yolk sac, composed of
mural trophectoderm and parietal endoderm cells [39], is
highly autofluorescent and was removed for better obser-
vation of the underlying tissues.
Preparation of synthetic capped mRNA
NlsGFP and nlsDsRed templates were cloned from
pEGFP-N1 and pDsRedExpress (Clontech) into a modi-
fied pBluescriptRN3P vector [40]. Oligonucleotides NLS-
F 5'-GATCCATGGCTCCAAAAAAGAAGAGAAAGGTA and
NLS-R 5'-GATCTACCTTTCTCTTCTTTTTTGGAGCCATG
containing a nuclear localisation signal between BamHI
and BglII restriction sites, were annealed and ligated to a
fragment of RN3P digested with BglII. This new NLS-
RN3P vector was verified by sequencing. It was then cut
with BglII and NotI and ligated to a BamHI-NotI fragment
of pDsRedExpress or pEGFP.
For in vitro transcription, MmGFP [41], nlsGFP or nlsD-
sRed plasmids were linearised, and transcribed using the
mMESSAGEmMACHINE kit (Ambion). Capped mRNA
was purified from proteins with phenol/chloroform and
from nucleotides on an Rneasy MinElute Cleanup column
(Qiagen). For microinjection, mRNA was diluted at a final
concentration of 0.1–0.3 μg/μl in RNAse-free water.
Microinjection of single blastocyst cells
Microinjection was performed as previously described [9]
on a LEICA DM-IRB inverted microscope equipped with
micromanipulators and an Eppendorf transjector and
connected to an electrometer. The needle was inserted
through the mural trophectoderm and cells lying on the
surface of the ICM were targeted. Blastocysts with positive
ICM cells were screened about 1 hour after injection on an
inverted microscope equipped with epifluorescence, and
transferred into the uterus (1 to 8 blastocysts) of an E2.5
pseudopregnant mouse. A total of 2125 blastocysts were
injected (Additional file 2A). The conceptuses analysed
here contained labelled cells derived from precursors at
random positions on the surface of the ICM. 891 were flu-
orescent positive and transferred; 566 post-implantation
conceptuses were recovered out of which 220 were
labelled.
Different labels were used for microinjection, MmGFP,
nlsGFP and nlsDsRed. We have calculated the percentage
of recovery of positive conceptuses for each of them
(Additional file 2B). No difference was observed between
the labels at E4.7-E5.0 (implanted blastocyst, pre-egg cyl-
inder and early egg cylinder stages). However at E5.5, the
percentage of recovered conceptuses for nlsDsRedExpress
labelling was lower (27%) than for GFP (45%), indicating
some cytotoxicity of nlsDsRedExpress compared to GFP,
probably as a result of aggregation of nlsDsRedExpress
over time. This was nonetheless the most efficient of 6 red
markers that we have tested, in particular compared to its
monomeric version mRFP1 [42].
To check the number of cells which had been labelled by
microinjection, we scored a group of blastocysts (n = 36)
under fluorescent microscopy 1–2h after the injection. We
observed that 77% of positive blastocysts contained a sin-
gle labelled cell (Additional file 2C). Blastocysts contain-
ing more than one positive cell most likely resulted from
transmission of the label between clonally related cells as
cytoplasmic bridges have been reported to exist after mito-
sis [43-45]. Alternatively, the injected cell may have
divided shortly after injection. We demonstrated the exist-
ence of such bridges by injecting a group of blastocysts
with mRNA encoding the membrane-targeted fluorescent
protein gapRFP (Additional file 2D and 3, 4). Therefore,
in most cases injection of a single ICM cell indeed corre-
sponds to the labelling of a single cell or two sister cells.
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Labelling of ICM cells is expected to give rise to epiblast,
visceral endoderm and/or parietal endoderm descendants
[46-48]. Due to technical limitations (see above), the con-
tribution of labelled cells to the parietal endoderm has
not been analysed in this study therefore we have focussed
on their contribution to the VE. In some cases (23% at the
early egg cylinder stage and 18% at E5.5), conceptuses
with labelled VE cells also had labelled cells in the epi-
blast. We have pooled these cases, as distributions of VE
cells were not different. At the early egg cylinder and E5.5
stages 20% of the conceptuses had labelled cells only in
the epiblast. In some rare cases (7%) trophectoderm or
extra-embryonic ectoderm cells were labelled. This is most
likely due to accidental labelling of trophectodermal
extensions lining the ICM surface. Specimens with
labelled cells only in the epiblast or in the extra-embry-
onic ectoderm, with a low fluorescent signal in the VE or
which were damaged during dissection, were not taken
into account for subsequent analysis (Additional file 2A).
Confocal analysis of post-implantation clones
Live conceptuses were observed and multi-channels (red/
green/far red or transmission) multi-sections images were
acquired on a BioRad Radiance 2100 confocal microscope
with a 20X objective every 3–5 μm at E4.7-E5.0 and every
2 μm at E5.5. Scanning was performed on two opposite
sides of the conceptus. Red E5.5 clones in Cer1-GFP con-
ceptuses were scanned sequentially in red and green. In
order to better visualise and count MmGFP positive cells,
E5.5 conceptuses were also stained with the nuclear
marker Draq5 (Biostatus limited) 10 μM for 15 min at
37°C. The size of conceptuses was measured using Pho-
toshop or Image J millimetre.
Phalloidin staining
Conceptuses obtained from natural matings of F1
(C57BL/6xCBA) females with transgenic Histone2B-GFP
males [37] were fixed in 4% paraformaldehyde at 4°C
overnight. They were rinsed in PBT, and stained for 1–2
hours in 0.5 μg/ml phalloidin-Texas red (Molecular
Probes). Multi-channels (red/green) multi-sections
images were acquired every 1 μm on a Perkin Elmer Spin-
ning Disk Ultraview ERS confocal microscope with a 20X
or 40Xoil objective.
Statistical analysis
The statistical analyses were performed using the SPSS
software. The non-parametric Mann-Whitney test and the
Chi-square test were used. A probability of less than 0.05
was considered to indicate significance.
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Additional file 1
Sequential stages in vivo for the formation of the extra-embryonic 
region of the egg cylinder. (A, B) Example of a wild-type implanted blas-
tocyst (A) which reached the pre-egg cylinder stage after 8h45 of in vitro 
culture (B). (C-F) Example of a H2B-GFP transgenic conceptus at the 
pre-egg cylinder stage (C-D) which developed to the early egg cylinder 
stage after 19h of in vitro culture (E-F). Bright field (A, B, C, E) and flu-
orescent images (D, F) are shown. Arrows point to the primitive or visceral 
endoderm, arrowheads to the polar trophectoderm. The contour of the epi-
blast (A-F) and of the extra-embryonic ectoderm (E-F) is highlighted in 
white. Insets in A-B show the shape of 3 neighbouring cells of the polar 
trophectoderm. In all images the mural trophectoderm is present but 
closely apposed to the primitive endoderm as the blastocoel collapsed. Con-
ceptuses were cultured at 37°C in 5% CO2 and in DMEM medium con-
taining non essential amino-acids, penicillin/streptomycin (Gibco) and 
40% Human Cord Serum. Scale bar: 20 μm.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
213X-7-96-S1.pdf]
Additional file 2
Production of labelled conceptuses. (A) Table summarising the injec-
tions carried out, by stage of recovery. EEC, early egg cylinder; D, distal; 
IB, implanted blastocyst; L, lateral; L/D, laterodistal; PEC, pre-egg cylin-
der. (B) Table comparing the rate of recovery of labelled conceptuses, 
according to the mRNA injected and the stage of recovery. (C, D) Exam-
ples of positive blastocysts after injection, showing a single positive cell (C) 
or two positive cells linked by a cytoplasmic bridge (D). (C) was injected 
with nlsGFP mRNA, whereas (D) is a control blastocyst injected with 
mRNA encoding the membrane-targeted fluorescent protein gapRFP (see 
also additional files 3, 4).
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
213X-7-96-S2.pdf]
Additional file 3
Cytoplasmic bridges between ICM cells of the blastocyst. Red-channel 
images of a blastocyst in which an ICM surface cell has been injected with 
gapRFP. Two positive sisters cells are visible, linked by a cytoplasmic 
bridge. A stack of 3 z-planes taken every 7.25 μm is shown.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
213X-7-96-S3.avi]
BMC Developmental Biology 2007, 7:96 http://www.biomedcentral.com/1471-213X/7/96
Page 15 of 16
(page number not for citation purposes)
Acknowledgements
We thank members of the Zernicka-Goetz laboratory for fruitful discus-
sions and A. Camus, D. Glover, A. McLaren, J-F. Nicolas, M.E. Torres-
Padilla and K. Zaret for comments on the manuscript. We are grateful to J. 
Belo and A-K. Hadjantonakis for providing the transgenic lines, A. Sossick 
and the Plateforme Imagerie of the Institut Jacques Monod for assistance 
with imaging, R. Tsien and J. Gurdon for the gift of plasmids. The E6.5 con-
ceptuses analysed in this study were generated in the Zernicka-Goetz lab-
oratory by Roberta Weber and Prof. R. A. Pedersen, whom we wish to 
thank for their contribution. S.M.M. and K.P.N. were supported by a Marie 
Curie Intra-European Fellowship within the Sixth European Framework 
Programme. A.P.G. was supported by a short-term EMBO fellowship and a 
travelling allowance from Boehringer Ingelheim Fonds. Work in JC labora-
tory is supported by CNRS. MZG is a Wellcome Senior Research Fellow 
and both Wellcome Trust Senior Fellowship and BBSRC grants to MZG 
funded this work.
References
1. Beddington RS, Robertson EJ: Axis development and early asym-
metry in mammals.  Cell 1999, 96:195-209.
2. Ang SL, Constam DB: A gene network establishing polarity in
the early mouse embryo.  Semin Cell Dev Biol 2004, 15:555-561.
3. Copp AJ: Interaction between inner cell mass and trophecto-
derm of the mouse blastocyst. II. The fate of the polar tro-
phectoderm.  J Embryol Exp Morphol 1979, 51:109-120.
4. Batten BE, Haar JL: Fine structural differentiation of germ lay-
ers in the mouse at the time of mesoderm formation.  Anat
Rec 1979, 194:125-141.
5. Rivera-Perez JA, Mager J, Magnuson T: Dynamic morphogenetic
events characterize the mouse visceral endoderm.  Dev Biol
2003, 261:470-487.
6. Dziadek MA, Andrews GK: Tissue specificity of alpha-fetopro-
tein messenger RNA expression during mouse embryogene-
sis.  Embo J 1983, 2:549-554.
7. Mesnard D, Guzman-Ayala M, Constam DB: Nodal specifies
embryonic visceral endoderm and sustains pluripotent cells
in the epiblast before overt axial patterning.  Development
2006, 133:2497-2505.
8. Frankenberg S, Smith L, Greenfield A, Zernicka-Goetz M: Novel
gene expression patterns along the proximo-distal axis of
the mouse embryo before gastrulation.  BMC Dev Biol 2007, 7:8.
9. Weber RJ, Pedersen RA, Wianny F, Evans MJ, Zernicka-Goetz M:
Polarity of the mouse embryo is anticipated before implan-
tation.  Development 1999, 126:5591-5598.
10. Zernicka-Goetz M: Patterning of the embryo: the first spatial
decisions in the life of a mouse.  Development 2002, 129:815-829.
11. Brennan J, Lu CC, Norris DP, Rodriguez TA, Beddington RS, Robert-
son EJ: Nodal signalling in the epiblast patterns the early
mouse embryo.  Nature 2001, 411:965-969.
12. Thomas P, Beddington R: Anterior primitive endoderm may be
responsible for patterning the anterior neural plate in the
mouse embryo.  Curr Biol 1996, 6:1487-1496.
13. Belo JA, Bouwmeester T, Leyns L, Kertesz N, Gallo M, Follettie M, De
Robertis EM: Cerberus-like is a secreted factor with neutraliz-
ing activity expressed in the anterior primitive endoderm of
the mouse gastrula.  Mech Dev 1997, 68:45-57.
14. Meno C, Saijoh Y, Fujii H, Ikeda M, Yokoyama T, Yokoyama M, Toy-
oda Y, Hamada H: Left-right asymmetric expression of the
TGF beta-family member lefty in mouse embryos.  Nature
1996, 381:151-155.
15. Thomas PQ, Brown A, Beddington RS: Hex: a homeobox gene
revealing peri-implantation asymmetry in the mouse
embryo and an early transient marker of endothelial cell
precursors.  Development 1998, 125:85-94.
16. Srinivas S, Rodriguez T, Clements M, Smith JC, Beddington RS:
Active cell migration drives the unilateral movements of the
anterior visceral endoderm.  Development 2004, 131:1157-1164.
17. Takaoka K, Yamamoto M, Shiratori H, Meno C, Rossant J, Saijoh Y,
Hamada H: The mouse embryo autonomously acquires ante-
rior-posterior polarity at implantation.  Dev Cell 2006,
10:451-459.
18. Chazaud C, Rossant J: Disruption of early proximodistal pat-
terning and AVE formation in Apc mutants.  Development 2006,
133:3379-3387.
19. Richardson L, Torres-Padilla ME, Zernicka-Goetz M: Regionalised
signalling within the extraembryonic ectoderm regulates
anterior visceral endoderm positioning in the mouse
embryo.  Mech Dev 2006.
20. Smith LJ: Embryonic axis orientation in the mouse and its cor-
relation with blastocyst relationships to the uterus. II. Rela-
tionships from 4 1/4 to 9 1/2 days.  J Embryol Exp Morphol 1985,
89:15-35.
21. Snell GD, Stevens LR: Early Embryology.  In Biology of the laboratory
mouse Edited by: Green EL. New York, Mc Graw Hill; 1966:205-245. 
22. Eakin GS, Behringer RR: Diversity of germ layer and axis forma-
tion among mammals.  Semin Cell Dev Biol 2004, 15:619-629.
23. Enders AC, Given RL, Schlafke S: Differentiation and migration
of endoderm in the rat and mouse at implantation.  Anat Rec
1978, 190:65-77.
24. Ninomiya Y, Davies TJ, Gardner RL: Experimental analysis of the
transdifferentiation of visceral to parietal endoderm in the
mouse.  Dev Dyn 2005, 233:837-846.
25. Gu Z, Nomura M, Simpson BB, Lei H, Feijen A, van den Eijnden-van
Raaij J, Donahoe PK, Li E: The type I activin receptor ActRIB is
required for egg cylinder organization and gastrulation in
the mouse.  Genes Dev 1998, 12:844-857.
26. Lawson KA, Pedersen RA: Cell fate, morphogenetic movement
and population kinetics of embryonic endoderm at the time
of germ layer formation in the mouse.  Development 1987,
101:627-652.
27. Dziadek M: Modulation of alphafetoprotein synthesis in the
early postimplantation mouse embryo.  J Embryol Exp Morphol
1978, 46:135-146.
28. Takito J, Al-Awqati Q: Conversion of ES cells to columnar epi-
thelia by hensin and to squamous epithelia by laminin.  J Cell
Biol 2004, 166:1093-1102.
29. Huelsken J, Vogel R, Brinkmann V, Erdmann B, Birchmeier C, Birch-
meier W: Requirement for beta-catenin in anterior-posterior
axis formation in mice.  J Cell Biol 2000, 148:567-578.
30. Kimura-Yoshida C, Nakano H, Okamura D, Nakao K, Yonemura S,
Belo JA, Aizawa S, Matsui Y, Matsuo I: Canonical Wnt signaling
and its antagonist regulate anterior-posterior axis polariza-
tion by guiding cell migration in mouse visceral endoderm.
Dev Cell 2005, 9:639-650.
31. Weinstein M, Yang X, Li C, Xu X, Gotay J, Deng CX: Failure of egg
cylinder elongation and mesoderm induction in mouse
embryos lacking the tumor suppressor smad2.  Proc Natl Acad
Sci U S A 1998, 95:9378-9383.
32. Yamamoto M, Saijoh Y, Perea-Gomez A, Shawlot W, Behringer RR,
Ang SL, Hamada H, Meno C: Nodal antagonists regulate forma-
tion of the anteroposterior axis of the mouse embryo.  Nature
2004, 428:387-392.
33. Kimura C, Yoshinaga K, Tian E, Suzuki M, Aizawa S, Matsuo I: Vis-
ceral endoderm mediates forebrain development by sup-
pressing posteriorizing signals.  Dev Biol 2000, 225:304-321.
34. Perea-Gomez A, Rhinn M, Ang SL: Role of the anterior visceral
endoderm in restricting posterior signals in the mouse
embryo.  Int J Dev Biol 2001, 45:311-320.
35. Rodriguez TA, Srinivas S, Clements MP, Smith JC, Beddington RS:
Induction and migration of the anterior visceral endoderm is
regulated by the extra-embryonic ectoderm.  Development
2005, 132:2513-2520.
36. Torres-Padilla ME, Richardson L, Kolasinska P, Meilhac SM, Luetke-
Eversloh MV, Zernicka-Goetz M: The anterior visceral endo-
Additional file 4
Cytoplasmic bridges between ICM cells of the blastocyst. Merged (red 
and transmission channels) images of the same blastocyst as in the addi-
tional file 3.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
213X-7-96-S4.avi]
Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Developmental Biology 2007, 7:96 http://www.biomedcentral.com/1471-213X/7/96
Page 16 of 16
(page number not for citation purposes)
derm of the mouse embryo is established from both preim-
plantation precursor cells and by de novo gene expression
after implantation.  Dev Biol 2007 in press.
37. Hadjantonakis AK, Papaioannou VE: Dynamic in vivo imaging and
cell tracking using a histone fluorescent protein fusion in
mice.  BMC Biotechnol 2004, 4:33.
38. Mesnard D, Filipe M, Belo JA, Zernicka-Goetz M: The anterior-pos-
terior axis emerges respecting the morphology of the mouse
embryo that changes and aligns with the uterus before gas-
trulation.  Curr Biol 2004, 14:184-196.
39. Gardner RL: Origin and differentiation of extraembryonic tis-
sues in the mouse.  Int Rev Exp Pathol 1983, 24:63-133.
40. Lemaire P, Garrett N, Gurdon JB: Expression cloning of Siamois,
a Xenopus homeobox gene expressed in dorsal-vegetal cells
of blastulae and able to induce a complete secondary axis.
Cell 1995, 81:85-94.
41. Zernicka-Goetz M, Pines J, McLean Hunter S, Dixon JP, Siemering KR,
Haseloff J, Evans MJ: Following cell fate in the living mouse
embryo.  Development 1997, 124:1133-1137.
42. Campbell RE, Tour O, Palmer AE, Steinbach PA, Baird GS, Zacharias
DA, Tsien RY: A monomeric red fluorescent protein.  Proc Natl
Acad Sci U S A 2002, 99:7877-7882.
43. Lo CW, Gilula NB: Gap junctional communication in the pre-
implantation mouse embryo.  Cell 1979, 18:399-409.
44. Pedersen RA, Wu K, Balakier H: Origin of the inner cell mass in
mouse embryos: cell lineage analysis by microinjection.  Dev
Biol 1986, 117:581-595.
45. Winkel GK, Pedersen RA: Fate of the inner cell mass in mouse
embryos as studied by microinjection of lineage tracers.  Dev
Biol 1988, 127:143-156.
46. Gardner RL, Rossant J: Investigation of the fate of 4-5 day post-
coitum mouse inner cell mass cells by blastocyst injection.  J
Embryol Exp Morphol 1979, 52:141-152.
47. Gardner RL: Investigation of cell lineage and differentiation in
the extraembryonic endoderm of the mouse embryo.  J
Embryol Exp Morphol 1982, 68:175-198.
48. Gardner RL: An in situ cell marker for clonal analysis of devel-
opment of the extraembryonic endoderm in the mouse.  J
Embryol Exp Morphol 1984, 80:251-288.
